Dedicated regional anaesthesia services incorporating block rooms and/or block teams may facilitate theatre efficiency and improve training in regional anaesthesia. Currently, it is unknown if a dedicated regional anaesthesia service improves the effectiveness of regional anaesthesia. In November 2013, the Royal Brisbane and Women's Hospital established a dedicated regional anaesthesia service comprising a block team and a block room. Pre-intervention (conventional model of care) registry data was retrospectively compared with post-intervention (dedicated regional anaesthesia service) audit data, with regard to pain and opioid requirement in the post-anaesthesia care unit (PACU). The primary outcome was inadequate analgesia, defined as a numerical rating scale (NRS; 0, no pain; 10, worst pain imaginable) for pain >5 in the PACU. Pre-and postintervention, 43.7% and 27.7% of patients respectively reported a NRS >5 (P <0.001). A difference in the type of blocks and surgery performed may have accounted for the improved outcome seen post-intervention. After adjustment for American Society of Anesthesiologists physical status, block type and surgery type, the odds ratio of having inadequate analgesia (NRS >5) was 0.54 (95% confidence interval 0.39 to 0.76) for post-intervention compared to pre-intervention. Secondary outcomes examined pre-and post-intervention were the absence of pain (39.3% and 55.1% of patients, respectively, P <0.001), systemic opioid analgesia requirement (48.6% and 30.5% of patients respectively, P <0.001) and median maximum NRS (4 [interquartile range (IQR) 0 to 8] and 0 [IQR 0 to 6] respectively, P <0.001). A dedicated regional anaesthesia service was associated with improved effectiveness of regional anaesthesia.
In November 2013, the Department of Anaesthesia and Perioperative Medicine at the Royal Brisbane and Women's Hospital established a dedicated regional anaesthesia service comprising of a 'block team' and a 'block room'. This change in practice presented a unique opportunity to study if the establishment of a service based on a block room model was associated with changes in the effectiveness of regional anaesthesia. It has been speculated that block rooms (or teams) may improve theatre efficiency 1 , improve education and training of doctors 2 and provide a 'serene' working environment 3 . However, it is unknown if block rooms improve the effectiveness of regional anaesthesia. We hypothesised that implementing a dedicated regional anaesthesia service would improve postoperative pain control in the post-anaesthesia care unit (PACU). We therefore analysed PACU pain scores and opioid requirement pre-intervention (conventional model of care) and post-intervention (dedicated regional anaesthesia service).
Materials and methods
Ethics approval was obtained for registry data (Australian and New Zealand Registry of Regional Anaesthesia, 'AURORA', now known as the International Registry of Regional Anaesthesia 'IRORA', Metro South Hospital and Health Service Human Research Ethics Committee reference number HREC/10/QPAH/335) and departmental audit data ('Green Room Audit', Royal Brisbane and Women's Hospital Human Research Ethics Committee reference number HREC/16/ QRBW/625).
Prior to intervention, regional anaesthesia at our hospital was performed using a conventional model of care, similar to that used in many Australian hospitals. Our hospital, the Royal Brisbane and Women's Hospital (RBWH), is a tertiary referral teaching hospital with 929 beds and 22 operating theatres, providing anaesthesia services to a wide range of surgical specialties. In 2014 our anaesthesia department consisted of 50 full-time equivalent (FTE) consultant anaesthetists and 38 FTE trainee registrars. In the conventional model, anaesthetists allocated to surgical lists were responsible for providing regional anaesthesia to patients on their list, as clinically appropriate. Regional anaesthesia was commonly performed in an induction room by a consultant anaesthetist or supervised trainee. The patient was then moved to an adjacent operating room where induction of general anaesthesia was administered by the same anaesthetist prior to surgery. Occasionally surgery was performed under sedation or under regional anaesthesia alone. Another variation included regional anaesthesia performed in the operating theatre on anaesthetised patients. Due to skill-mix shortages, anaesthetists with more experience in regional anaesthesia were sometimes called upon to assist other anaesthetists' cases. This required clinical handover of the assisting anaesthetist's other clinical duties before assisting a colleague. Equipment required for performing regional anaesthesia, such as ultrasound machines and block trolleys (containing needles, catheters, medications and other equipment), needed to be sourced from different locations in the operating suite complex.
Our intervention consisted of the establishment of a dedicated regional anaesthesia service, commencing on 11 November 2013. This service had many components: dedicated staffing (a consultant anaesthetist, a trainee registrar, and an anaesthesia technician), dedicated space (a single-bed anaesthesia induction room, known as the Green Room), and dedicated equipment including an ultrasound machine and a standardised block trolley. Regional anaesthesia was performed in the Green Room with or without sedation. Patients were then transferred to the care of the receiving anaesthetist if the operating room was available for surgery, or to the PACU while awaiting surgery. Although primarily functioning as a block room, for logistical reasons the service could adopt a mobile block team format and perform nerve blocks in the receiving induction room or theatre.
Prior to establishing a dedicated regional anaesthesia service, it was recognised a block room model had the potential to interrupt continuity of care. Therefore, particular attention was placed on effective communication prior to, during, and after regional anaesthesia procedures. In-theatre anaesthetic teams, surgical teams, or acute pain teams could refer clinically suitable patients to the regional anaesthesia service. The anaesthetist responsible for performing regional anaesthesia would then conduct a preoperative consultation with the patient. As part of the consent process, the patient would be informed about the proposed regional anaesthesia procedure, its risks, benefits, and alternatives. Anaesthetic, surgical, nursing and technician personnel were then informed about the regional anaesthesia plan. Prior to performing nerve blockade the team would run through a specifically designed regional anaesthesia checklist, in addition to the usual checklists that were in place prior to the intervention. After performing the regional anaesthesia procedure our service would provide written and verbal clinical handover to the relevant medical and nursing teams.
Collection of pre-intervention data was recorded contemporaneously in accordance with the AURORA registry requirements 4 and included peripheral regional anaesthesia procedures performed by all anaesthetists at the RBWH. This clinical registry utilises an on-line database to collect data regarding the effectiveness and risks of peripheral nerve blockade. Post-intervention data (Green Room Audit) was collected contemporaneously as part of quality assurance activities, and only included regional anaesthesia performed by the dedicated regional anaesthesia service.
A quasi-experimental study was designed to retrospectively measure outcomes before and after intervention. Primary and secondary outcomes were designated at study conception. The primary outcome was inadequate analgesia, defined as a numerical rating scale (NRS) >5 reported at any time in the PACU. Secondary outcomes were the median maximum NRS for pain, the absence of pain (NRS=0), and the requirement for systemic opioid analgesia in the PACU. Inclusion criteria included all patients entered into the AURORA database prior to the intervention and all patients entered into the Green Room Audit database following the intervention. Exclusion criteria included patients who did not go to the PACU (for example, patients who were cared for in the intensive care unit), rescue blocks (regional anaesthesia performed postoperatively), and non-surgical patients referred from the chronic pain service. Patients who received more than one nerve block for a single surgical procedure were considered only once with regard to outcome data.
Statistical analysis
Assuming 50% of pre-intervention patients experienced pain at a NRS >5 (based on an estimate from the AURORA registry), a sample size of 774 (387 in pre-and postintervention groups) was required to detect an absolute difference of 10% between pre-and post-intervention groups based on a chi-square test using a type I error probability of 0.05 and 80% power. Patient characteristics were described as frequency (percent), mean (standard deviation) or median (interquartile range [IQR]). Chi-square analyses were performed to examine associations between categorical variables. A t-test was used to explore the relationship between the intervention group and parametric continuous variables. Alternatively, for non-parametric continuous variables a Mann-Whitney U test was used. The statistical significance threshold was set at α <0.05 (two-sided). Binary logistic regression was used to obtain the relationship of the intervention with inadequate analgesia (NRS >5) after adjustment for other clinically important variables. Demographics whose P-value was less than 0.15 were initially considered as explanatory variables in the model. Those that did not significantly contribute to the model (P >0.05) were subsequently removed. Analysis of the data was performed using IBM SPSS Statistics for Windows, version 22.0 (2013, IBM Corp, Armonk, NY, USA).
Results
Data from 387 consecutive patients prior to and after intervention were analysed (774 patients in total). Patient characteristics in both groups were similar with regards to age, sex, American Society of Anesthesiologists (ASA) physical status and body mass index, but differed in relation to surgery type and block type ( Table 1) .
Primary outcome
Primary outcome data was available in all patients except four in the post-intervention group ( Table 2) . Inadequate analgesia (NRS >5) at any time in the PACU was experienced by 43.7% and 27.7% of patients in pre-and post-intervention groups respectively (P <0.001). The unadjusted odds ratio of having inadequate analgesia (NRS >5) was 0.49 (95% confidence interval [CI] 0.37 to 0.67) for the post-intervention group compared to the pre-intervention group.
Multivariable modelling
Clinically important variables with a P-value <0.15 (age, ASA physical status, surgery and block type) were considered as potential covariates or confounders. These variables were considered alongside the intervention when modelling the effect on the primary outcome (NRS >5). Age was removed from the model due to not being a significant contributor. There was concern over potential collinearity between block type and surgery type. However, the parameter estimates were not affected greatly during sensitivity analyses when included separately or together in the model. Therefore, the final model included both block and surgery types, both of which were statistically significant.
The adjusted odds ratio of having inadequate analgesia (NRS >5) was 0.54 (95% CI 0.39 to 0.76) for post-intervention compared to pre-intervention (Table 3) . That is, the odds of reporting pain (NRS >5) in the post-intervention group was approximately half that of the pre-intervention group after adjustment for ASA physical status, block type and surgery type. Data presented as n (%); NRS, numerical rating scale. Data presented as n (%); †mean (standard deviation); ASA, American Society of Anesthesiologists; BMI, body mass index. 
Secondary outcomes
Post-intervention there was an improvement in the median maximum NRS, the proportion of patients reporting no pain, and the proportion of patients requiring systemic opioid analgesia (Table 4 ). Figure 1 illustrates the distribution of the maximum pain (NRS) experienced in the PACU before and after intervention. For the post-intervention group, there was an increased frequency of patients who were pain-free, and a decreased frequency of patients with the highest pain recordable (NRS=10).
Discussion
Our results demonstrate that implementing a dedicated regional anaesthesia service was associated with an improvement in postoperative pain and opioid requirements in the PACU. Block rooms, as part of a dedicated regional anaesthesia service, may improve the effectiveness of nerve blocks for a variety of reasons.
Firstly, subspecialist care may be superior to generalist care. That is, allowing a small group of anaesthetists to perform a larger individual volume of practice may be preferable to a larger group of anaesthetists performing nerve blocks infrequently. Subspecialist (sometimes referred to as superspecialist) care has long been thought to improve effectiveness in other medical fields 5 and may improve learning curves 6 . The importance of practice in improving performance of ultrasound-guided regional anaesthesia has been described 7 . We believe the advantage of subspecialising also applies to anaesthesia assistants. In our experience, anaesthesia technicians routinely allocated to the block room improved their knowledge of regional anaesthesia procedures, which in turn may have promoted efficiency, safety and quality. For example, unlike what was observed in the conventional model of care, technicians regularly involved in the block room were able to ergonomically set up equipment, enter patient details into the ultrasound machine, choose an appropriate probe and preset, and were able to record ultrasound cine clips. Secondly, having a dedicated team may improve team performance. In the field of aviation, a report identified that 73% of major accidents occurred on the first day a crew were paired together 8 , suggesting the critical role of dedicated teams. The importance of teamwork in healthcare has been acknowledged 9 , in particular the role of the anaesthesia assistant 10 .
Thirdly, a dedicated block room may provide a workspace conducive to better technical performance. Working in the so-called serene 3 environment of a block room, although anecdotally not always so due to efficiency demands, may be preferable to the time-pressured situation of an impatient surgeon watching both the anaesthetist and the clock. A dedicated block room also allows for the continued availability of standardised equipment, with thought given to ergonomic considerations. The importance of standardised equipment has previously been recognised in the field of airway management 11 , and ergonomic consideration is known to be an important marker of proficiency in regional anaesthesia 12 . We speculate that these structural improvements may result in more effective regional anaesthesia.
Finally, by allowing parallel processing in a dedicated space, time to perform regional anaesthesia is not limited by the duration of the previous case. Nerve blocks suspected to take longer than usual (for example, those requiring nerve catheter placement, those requiring time to teach trainees, and those predicted to be technically difficult) can simply be scheduled earlier. Adequate time to perform regional anaesthesia allows for block quality to be assessed prior to surgery, and rescue nerve blockade to be performed preoperatively if necessary.
Quasi-experimental study designs represent an opportunity to evaluate interventions not amenable to randomisation. In our case, randomising patients to receive care from different models of service delivery would have been logistically challenging. However, non-randomisation of subjects can produce statistical confounders. Thus, the improved effectiveness of regional anaesthesia seen in our study may not be causally related to establishing a block room. For example, it is possible our findings represent anaesthetists at our institution simply moving up the learning curve by gaining further experience, and results would have improved with time irrespective of the establishment of a block room. Furthermore, patients in pre-and post-intervention groups, although similar with regards to demographics, differed in the type of nerve blocks and the type of surgery they received. For example, post-intervention there was an increase in the proportion of upper limb blocks and a decrease in trunk blocks. These confounders may account for the improved outcomes seen post-intervention. One possibility is anaesthetists in the post-intervention phase may have cherrypicked patients likely to do well. Alternatively, a dedicated team may have been able to provide a service to subsets of patients previously neglected due to skill or time shortages. We have attempted to account for these confounders in the multivariable modelling. It is also possible heightened enthusiasm surrounding the establishment of a block room, including regular reporting of quality assurance measures, may have resulted in improved effectiveness of regional anaesthesia 13 . Lastly, statistical regression to the mean may also account for our results. That is, our pre-intervention group may randomly have been sampled during a time when anaesthetists' performance was below average, and our postintervention sample represents a return to the mean.
A relative hierarchy of quasi-experimental designs has been outlined 14 , and our design could be improved in a number of ways. Measuring outcomes after ceasing the intervention, then restarting the intervention, would strengthen our study design. Given the other benefits of a block room we have seen (such as improved efficiency, quality assurance practices, surgical acceptance of regional anaesthesia and enhanced educational and training activities), we are reluctant to do so.
A further limitation of our research is the use of patientreported pain scores in PACU as a primary measure of 'effectiveness'. Unidimensional pain rating scales may represent pain unrelated to the surgical site, and may over-or underestimate whether a nerve block provided any benefit. Unfortunately, no single measure is an ideal indication of the effectiveness of regional anaesthesia, and alternative measures (such as opioid use, sensory and motor block, and patient satisfaction) can also be thought of as surrogate measures.
Prior research into the benefits of redesigning regional anaesthesia service delivery has tended to focus on improving efficiency, although findings are contradictory [1] [2] [3] 15, 16 . To our knowledge, studies examining the effect of block rooms on the effectiveness of regional anaesthesia do not exist. Although some authors comment on reduced perioperative opioid use in the context of establishing a block room 1 , this may represent a change from non-regional anaesthesia to regional anaesthesia techniques, rather than improved nerve blockade performance.
Benchmarking data from hospitals to the same registry (including RBWH) has previously been reported 17 and showed inadequate analgesia (verbal analog score (VAS) >5) in 23.2%, and a systemic opioid requirement in 29.76% of patients. This is not dissimilar to our post-intervention results. Interestingly, the hospital benchmarked against in that study (Dartmouth-Hitchcock Medical Center, DHMC) utilised a block room model. DHMC reported high proportions of patients with inadequate analgesia (VAS >5 in 35.1%) or a requirement for systemic opioids (46.38%), although outcomes prior to establishing a block room were not reported.
In summary, we have found a dedicated regional anaesthesia service incorporating a block room was associated with improved effectiveness of regional anaesthesia. It is important that established and emerging block rooms have good quality assurance data both prior to and after changing practice, and such data is published to inform policy makers involved in healthcare delivery.
